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1.1 AAFHIE
TR 22 A7 A8 10 -1 S 3 R B8 S 5
1 AR,

1 Ca-W-Phy-H,0 # P4 5¢ /LT (25 C)
Table 1 Equilibrium reaction and equilibrium constant in

Ca-W-Phy-H,0 system (25 C)

No. Equilibrium reaction lgK  Reference

I CaWO,(s)=—Ca’+WO>  -93 [17]

11 Ca(OH),(s) =Ca®"+20H  —-522  [17
il H,WO,(s)=2H'+WO0?>" -1478  [17

\Y CagPhy(s)=6Ca*"+Phy'> -583  [I8
\ Ca(OH),(aq)=Ca’"+20H  —2.77 [19
VI CaOH'=Ca*"+OH" -140  [19
VI H,WO,(aq)=H'+HWO,  —4.6 [19
VI HWO, =H"+ WO -3.5 [19
IX H,Phy’ =H+HpPhy®  -2.59 [18
X HpPhy® =H"+HPhy’"  —4.90  [I8
XI HsPhy" =H'+H,Phy®”  -6.15 [18
XII H,Phy* =H"+H,Phy"”  -7.76  [I8
X1 HiPhy’ =H"+H,Phy'"  -9.11 [18
X1V H,Phy'"=H"+HPhy'™  -9.46  [I8
XV HPhy''"™=H"+Phy'* -920  [18

XVl  Ca*'+H;Phy” =CaPhyH]”  7.64 [1
XVI  Ca’+H,Phy® = CaPhyH!  5.82 [18
XV  Ca*+HsPhy” = CaPhyH:™  5.41 [18
XIX Ca*'+HepPhy’ = CaPhyH!:  4.25 [20
X X 2Ca*+H;Phy” =Ca,PhyH" 13.99  [I8
X X I 2Ca*+H,Phy* —Ca,PhyH" 11.87  [I8
X X II 2Ca*'+HsPhy" = Ca,PhyH!" 9.81 [18
X XII 3Ca*'+H,Phy'" = Ca,PhyH!™ 2252 [l
X XIV 3Ca*+H;Phy’ = Ca,PhyH}™ 19.34 [1
X X V 3Ca*+H,Phy" = Ca,PhyH>" 15.93 [1
X X VI 3Ca**+HsPhy” = Ca,PhyH; 13.54 [1
X X VI H,0=H"+OH" -13.99  [19

o o0 oo oo

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

PSR Eh PP RALE , (H 2 B Z AR RV B AR
WA Ky SR HARARSCI T 228, Tovkidad

PRAEAE R B RE B R RAMEERT K. BEAP,
TR EAERUR pH B2 AF T S8R RO 2 2%,
HIEW A BT 7SR, MR eSS pH E %1
N EEETRE G IR, JUH R pH>5
Ja, ETE AR AR RE SR SR T, TRl A
SRR A RAR pH XA B Phy-W 28 214
B 10 [7) 2 1R LA SRR (1 P B 2 S N, AR 9T H T 2
AV EAREE IR RS R s O . BB, kDA
KETIEERE, TH R R IR .

1.2 BRAFHE

RAER 1 o AR R AAAE R P4, W LU g
RN R A L A R R R IR FE N T AT 30 2%
THE, W &R A IREHIMIR R . Wik
AU R I SR EERIW], BT AR TR
BH: WO, . HWO, fl H,WO,(aq), NHFE 1
(- 5¢ R (VD (VIDFIA) BT e R B m %0, eAT)
S R ~FA A48 R P i A2 DA R AR

[W]=[WO; ]+[HWO,]+[H, WO, (aq)] (1)
[HWO, ] =1 X 10 [H" ][ WO ] (2)
[H,WO4(aq)]=1 X 10*'[H][ WO;" ] 3)

WK Z Pl B A 1) LR B N [Ca), HAFAETERS
4 : Ca*". Ca(OH)". Ca(OH)y(aq). CaPhyH! .
CaPhyH{ . CaPhyH . CaPhyH; . Ca,PhyH] .
Ca,PhyH; . Ca,PhyH; . Ca,PhyH; . Ca,PhyH; .
Ca,PhyH;™ Fl Ca,PhyH; . HZ& 1 B30V )< (V)
(X VD~(X X V) L2 <4 S 28 m
[Ca]=[Ca’"]+[Ca(OH) +[Ca(OH)x(aq)]+
[CaPhyH! ]+[CaPhyH{ ]+[CaPhyH] ]+
[CaPhyH] ]+2[Ca,PhyH] ]+2[Ca,PhyH} ]+
2[Ca,PhyH; ]+ 3[Ca,PhyH; ]+ 3[Ca,PhyH] ]+

[Ca,PhyH> ]+3[Ca,PhyH;] 4)
[Ca(OH) =1 X 10"'*[Ca®"/[H"] (5)
Ca(OH)x(aq)]=1 X 10 2#[Ca®")/[H'? (6)
[CaPhyH] ]=1X10"%[Ca*"] [H;Phy’ ] (7
[CaPhyHS 1=1X10>*[Ca*"] [H,Phy"] (®)
[CaPhyH? 1=1X10>*'[Ca*"] [HsPhy’ ] )
[CaPhyH! ]=1X10**[Ca*"] [HePhy® ] (10)

[Ca,PhyH] 1=1X10""[Ca*"]* [H3Phy’ ] (11)
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[Ca,PhyH} 1=1Xx10""*"[Ca*"]* [H,Phy"] (12)
[Ca,PhyH: ]=1X10"*'[Ca’"]* [HsPhy’ ] (13)

[Ca,PhyH} ]=1X10"*[Ca”T’ [H,Phy'"]  (14)

[Ca,PhyH} ]=1X10"*[Ca®"]’ [H3Phy” ] (15)
[Ca,PhyH? ]=1X10""[Ca*]’ [H,Phy"] (16)
[Ca,PhyH;]=1X10"**[Ca*"]’ [HsPhy ] (17)

IR, B F b i BRI (1 SR 2 9 [Phy ],

HAFEAA: Phy'” . CaPhyH] . CaPhyHS .
CaPhyH] . CaPhyH; . Ca,PhyH] . Ca,PhyH; .

Ca,PhyH . Ca,PhyH; . Ca,PhyH . Ca,PhyH; .

Ca,PhyH; . HPhy''". H,Phy'"". H;Phy’ . H,Phy® .

HsPhy™. HePhy” Al H,Phy* . FIFIZ 1 v mist

(DX~ X X VD W pspia i 2, FAE T ISR LLUR

REAX ST

[Phy]=[Phy'* ]+[CaPhyH] ]+[CaPhyH$ ]+
[CaPhyH; ]+[CaPhyH; ]+[Ca,PhyH] ]+
[Ca,PhyH] ]+[Ca,PhyH; ]+[Ca,PhyH; ]+
[Ca,PhyH? ]+[Ca,PhyH2 ]+[Ca,PhyH; ]+
[HPhy'" J+[H,Phy'® ]+[H;Phy’ +[H,Phy® ]+

[HsPhy' ]+[H¢Phy® ]+[H;Phy" ] (18)
[HPhy''"]=1X 10°*°[H'] [Phy'*] (19)
[H,Phy' =1 X 10>*[H"] [HPhy'' ] (20)
[H3Phy’ ]=1 X 10>""[H"] [H,Phy'""] (21)
[H4Phy® =1 X 10""[H"] [HsPhy’ ] (22)
[HsPhy' =1 10*"[H"] [H4Phy""] (23)
[HePhy® ]=1x 10**°[H"] [HsPhy' ] (24)
[H7Phy’ ]=1X 10**[H"] [H¢Phy" ] (25)

KL EEX Ca-Phy-W-H,0 & R AT IS 240
Fi, TEBUEAR FREL Phy R BEFN pH L2641 L T
SR R SR VAW A VRS T 1R R AT M K oy i e
A%, IXERZARR P OGSO, FILTE
ARG E N BIFEEE CaWO, VAT . M
FARAR G A 5T SCERPT 0, FEBRIR #h 70 A 1145
Bk RV, A AR R X B pH (T
ERIREIL N HoWO,. CaWO,. CaCO;3. Ca(OH),;
T AE TR 5620 i A B A R e, A BRUTTTE (e
E X AK KA HyWO,+ CaWO,4. Cas(PO,);0H Al
Ca(OH),; TEREER R0 (AT 1tk R b, &

FIEREMAE L, (EE RS RE N7 e
THEMGEXHILT, BE pH ETF R HARE X AKX
FIN HyWO,+H,Si04. CaWO,+H,Si04. CaSiOs+
H,Si04 CaSiO3. Ca;Si,07 fl Ca(OH),. FRULZ 41,
A EP R TR pH X R R 4% A S 5
W, Y pH<S B, B 5N & NEHE
BRERE; 1f pH=4.8 WU 3 ANl iE IR
IRl T4 pH>S J5, 5 5 HERIR I AH AR H
SR SRR N T AT . 4 BT, AR L
FE D A= B2 P R IR A [ AR AR E X AL T CaWO, A
Ca(OH), Z |8, BAKIME, fERRIERXMET, CaWO,
RS TR AL BRUTVE , B pH E I FF i, CaWO,
RS T R R AR A S AR R R S T UE , T
Ca(OH), VTIEWTERE /7 pH X3P . TEIXLED)
JR I RRE XA, AH DG B0 2 T B A 11
£ HyWO, FE X N :

[WO; J[H’=1x10"*7 (26)
[H,WO4(aq)]=1 X 10708 (27)

£ CaWO, [MFREIX PN, HH CaWO, R fif ik N\ &
RI) Ca Fl W A5 HoAl 85145 & A2 Bt BLytiE s B
PUAR H [Ca]l 5[W]Z LR £ CaWO, 45 545 1)
fh2Eita b, B

[Ca]=[W]
£ CagPhy IS E X A :

[Ca*"1® [Phy'* =1 X 107>* (28)
£ Ca(OH), HIFSE X N«

[Ca*'] [OH =1 X 10>% (29)

[Ca*']=1 X 10*7[H]? (30)
{EFTE pH EIGE N E

[Ca® ][ WO ]=1X 107" (31)

¥ Ca-W-Phy-H,O A R i &5 S A B IR B 8 N
0.5 mol/L, KXH] EXCEL 1 B AR & 5K il Ko ki sk
R TTIEVH SR T AR R S L R AR T, T
H AL IR BEXT L 1g[M] pH B R, WiE 1
Fioce teah, SRARFERTHE 55 B T 248
R Z 43515 0.01 0.01. 0.5 mol/L I iAW 4
I WIE R, ez hl i EA R [Phy] 26 2F T B 459K
FEXTH 1g[W1kE pH EARMHI R R E, W 2 frs.
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TEERENE, HTHRRBHHASFRE L, HR
PRSI T RAEM RN TR, N it i,
ZAMRR T =P BN pH> S FFia%], Bk
WK1 s

25

Ig[e/(mol-L™")]

=10.0

1 Ca-W-Phy-H,0 RIERA 51 1g[M]-pH E
Fig. 1 1g[M]-pH diagram for Ca-W-Phy-H,O system
([Phy]=0.5 mol/L, pH>5)

Phy=0.5 mol/L

ot Phy=0.01 mol/L
=
|

-4}

st

6 8 IIO 12 14
pH

2 NIRRT Y 1g[W-pH &
Fig. 2 I1g[W]-pH diagram at different total phytic
concentrations (pH>5)

2 Ca-W-Phy-H,0 ZRIHRIFEH
ST

B 1 B iR R X BRI A CaWO, [ AR E (X
TEZIXIRA Ca® M1 WO IREE TR, AU b
AR VRO s AN B A RS ) [F) 2
T th AR 58945 & AR R Phy-W 4% 2 TR 5640 T (1 175

BN, G M(pH<5.5)RA HyWO, JTIEFE X,
HEEE IR IER 38, WO IREIREE, Ca” AR
SURIFEE, SRS EOE T SRR A R b
RIS fE LA MI(pH>5.75), Ca®"5 Phy'*
Z B 45E A FH 2RI 3, FFAE A R EY CagPhy
DUE, MEREAHRE X H CaWO, ¥4 CagPhy, X
th 5 CREA %P5 456 M7, B 490 pH>S
Z )G, MERREEEMEe I REIEA, RS
pH HAMF NIRRT RS EEY, A
1<<[Ca™ )/[Phy]<2, iR E LU AT ooy AR PR A K
SUTVE TR, K13 CagPhy VivE. FiA RS Ca’
YA PS5 IR VAV pHL AR PO 386 K TS8P I, AR IS 3 WO;™
PR

MWE 1 R LR W, EH R #1772
Ca-W-Phy-H,O A&, FEH IR E X s il 42
BB AR S R P, 70 43 Uk W ARG R v v T DA 2K
SHRESA . A, MWEIFRETLEH, K pH {H%
PR R T MR T MR, 24 pH /M 6
i, A 2 Hh i S (AR R 41 43 % LA HgPhy® . CaPhyH3™
S AFAE, @ T HPhy'' 25225 TAL MR 7
MR FE . FERERRES MAHAR E XN, BEE pH fERIHY
I, AEFRL AN 10 2R T4 s, B4 5 I £
LA CaPhyH; A1 CaPhyH$™ HILASAFAE, AR NEH
DAMEIRES CacPhy UTUE I 2B [ T [E A, 7
pH ¥ KZ 10 DU, BHTHEBRF M 12 NMEET
A e 4 B AR SR A IR B 7, I [Phy'* 7]
FERIR KT AL TR, AR RIS WO3™
B2 Tk B Abla TR 0E, TS Ca™ MR EAE
BRI EKF

N T k20 W R R U P X VRS ) A T
YERMUEE, 28] 7 A RS BRI B ([Phy]=0, 0.01,
0.5 mol/L) 2% 4 T i 45k B2 6 45 5 ¥ pH (B R &
El(pH>5), 1 2 fis. HE 2 Al5, (E3A R
FAERIE R, BIREERFE BT AL, LR
FAAE, HE pH>12 J&, AT WO, 4RI
R R B TR A R R A E A R
YRR IR B R AR AL, AR EERE pH
RAARAG I M & BONAAL, AR A LA R R —
|, MRS pH (ARSI SURIE M, JEAE pH
T 10 A ER SR EE: X EEAS AR IR R
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SO VR HH D S A T R IA B B s I, IR B R
My, R R A TR AT AR A T B AR R B
0.01 mol/L i}, 52 VHisSk iz 21 hn, Wil
A 8 R R AR FEE A 5 A BRI K ST I B Tk 3 4 i
FTESHT R s T 2400 B AR R VR FE S I 50 £,
B R BCR SR RN R . MU EIRERE pH (HAE
I i BERRFA T2 53T, [EIRE TT AR REARL R Eh 0t 43
filt VRS I A R, I B3 AR A3 30 B4 1K o il A
R, — 5T EARE A R R STE pH KT
10 B XS A 3EAT, 53— 07 T 75 L ORUE VA R B i
IR FERIR AR EE, B R BRI IR s A R
Hl, mIgEea0 T2 SEER MR AR T iE B AT E )
fifl, Fh, TEZERI AL T 28R LR
THL,  7E S BRag AF b il G 05 o 7 A R 2k ) 4
&, DUHIRBITUH 2 RRUR . dE—BEERT %5
Mrif et b, TR T RERR 2R 53 i E B R R BRI 1 S
Ko DANIE R0 AU RN A ERE, 43 7R FH B 1R
&= 1. 2 M5 3ERM AR, EWE L 51, 5
JE 90°C A NI, PR srfigidh WO, & &
AN 1.25%- 0.03%F1 0.02%, BRI AR R #H AT LA
TR Hh ST A ESA (1) 70 A, TESE T MR 2R FIAE 1145
W53 gk R T AT 1

3 #ZEig

AR A B R IR EE 40 i 890 RO AR, FIA
CARIHI R 2 BG4 Ca-W-Phy-H,0 14 ZHEAT 1 #4
JIE5HT, TRIE T W &5 IR FERE pH A 1AR
LA S H 534506 pH B SAE IR SRk AR L, 15
FUn R4k

1) FIH BRI 5 R, i AR RS
FRISRAASE TR H T Ca-W-Phy-H,0 1R R (1A iR
AT, e TR & AN B pH AR ALY
Ig[M]-pH K. SERIKREE 5728 0. 0.01 F1 0.5
mol/L i S 499K B BE pH 281K 1g[W]—pH K.

2) 7E Ca-W-Phy-H,0 & R T4l [ #k )27
i, FER R RS HT AR e X IR AR R VS
W, IR £ T LA RO i RS, o AR A
Y1y CagPhy. TERFFLH) pH [EHIGEIAN, 1%k R K
] AF PR R E X BE pH B THEK XA HoWO,. CaWO,

A CagPhy, I HAEFFEEE 1 pH 2 AF A BT &
FELR AR P R AT SEZEI VA AT PR vt 8 O3 i, SR E P 5K
W HAESE TAERER W AR BT AT, B R RS
Bk T2 i RO 7AAH, Nk DR TR
AR AR R RCR IR, DUYIERIGIR
Pl EERNE0E 5 4 v G
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Thermodynamic analysis of
scheelite decomposition by sodium phytate

LIU Xu-heng, ZHU Xin-rui, CHEN Xing-yu, LI Jiang-tao, HE Li-hua, SUN Feng-long, ZHAO Zhong-wei

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: In order to solve the problem of scheelite decomposition by phytate, the thermodynamic equilibrium
diagram of Ca-phy-W-H,O system at 298 K was drawn. The variation law of dominant regions and important
components in the system with pH and total concentration of free phytic acid was clarified. The feasibility and
thermodynamic conditions of phytate decomposition scheelite were further studied. Theoretical analysis shows
that phytate can effectively decompose scheelite. With the increase of pH value, the stable solid products are
H,WO,, CaWO, and Ca6Phy. When pH>>7.5, the binding of Ca®" and Phy'*" increases rapidly, resulting in a
rapid increase in the concentration of free WO~ and insignificant increase after pH>10. At this time, the solid
phase decomposition product is Casphy. The decomposition of scheelite can be achieved by maintaining a low
concentration of free phytic acid in the solution, and increasing the pH value of the solution can promote the
decomposition of scheelite.

Key words: Ca-Phy-W-H,O system; scheelite; phytate; thermodynamics; decomposition
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